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Introduction
Does an increase in income inequality result in a decrease in longevity? As income inequality has increased steadily over the past few decades globally, this question has gained prominence in current public discourse and academic research. This growing wealth gap is partly attributed to increases in top wage incomes from the 1970s to the 1990s (Piketty and Saez, 2006) . Income inequality can affect economic growth (Kuznets, 1955) , social capital and social cohesion (Kennedy, 1988) . Another area that income inequality can affect is health and longevity which is the focus of this paper.
The research question is as follows: 'What is the effect of income inequality on adult male and female mortality rates in a sample of industrialized countries?' The study uses crosssectional panel data from OECD countries (Canada, UK, USA, Germany, Norway, Sweden, Denmark, Japan, Switzerland and New Zealand) from 1950 to 2008.
A scoping review of the extensive literature in this area show both positive and negative effects of income inequality on mortality. Some of the studies that support the conclusion that income leads to higher mortality include Wilkinson, 2006; Waldmann, 1992; Lynch, 1998; Judge et al, 1998; Ram, 2005 and Dorling, 2007 . Wilkinson (1996 in particular argues that developed countries with low income inequality show better health outcomes than societies with a greater wealth gap. Egalitarian societies tend to be more socially cohesive with stronger communities, which results in a higher quality of life and better overall health. Some of the later studies which moved away from cross-sectional data, did not find a significant association between income inequality and health (Wagstaff, 2000; Beckfield, 2004; Subramanian, 2006) . Gravelle (1998) pointed out that a statistical artefact as a result of using population data instead of individual data could account for the association between income inequality and health. Avendano (2012) analyzed OECD countries from 1960 to 2008 and found that a one-point increase in the Gini coefficient was associated with an increase of 7% in infant mortality rates.
Some of the other studies that have found the reversed effects of income inequality on longevity include Mellor (2001) , Leigh (2009) and Leigh (2007) . In more recent work, Herzer (2015) used panel co-integration techniques to analyze the impact of income inequality and found that income inequality has a statistically significant positive effect on population health in developed countries (i.e. higher life-expectancy). Herzer postulated that there might be certain health risks that are stress-related that affects high-income ranks if the society is unstable.
Another possible reason provided was that richer people will demand more medical services (Miller et al, 2006) resulting in improved access to medical services for the entire population including the poor.
The purpose of this paper is to provide confirmatory evidence of a relationship between income inequality and population health. This study differentiates itself from other similar studies in that it uses the inverted Pareto-Lorenz coefficient as a thorough measure of income inequality. The use of this measure based on tax records was made possible due to the comprehensive, balanced dataset that has been made publicly available and this study is the first the uses this data to study health effects. Further, the outcome variable selected for the measure of mortality was the five-year mortality rate at age sixty-five. This offers a more concise measure of mortality for developed countries as it captures premature mortality and incorporates a measure of quality of life. The study tracks five-year mortality separately for men and women as the trajectory of reduction in mortality rates for men and women differ, as seen in the mortality graphs of these countries over time. This is the first study of its kind to explore the impact of income inequality separately on mortality rates of men and women.
Literature Review
The studies that support the conclusion that income inequality influences population health (that is, higher income inequality leads to higher mortality) include Wilkinson, 2006; Waldmann, 1992; Lynch, 1998; Judge et al, 1998; Ram, 2005 and Dorling, 2007 . Wilkinson (1996 argues that developed countries with low income inequality show better health outcomes than societies with a greater wealth gap. Egalitarian societies tend to be more socially cohesive with stronger communities, which results in a higher quality of life and better overall health. Wilkinson (2008) conducted a natural experiment test using data from UK's Health and Lifestyle Survey showed that changes in mortality were significant and positively related to changes in the proportion of low relative earnings within each occupation. showed that the differences in life expectancy between high and low income inequality countries can be as high as five to ten years. Waldmann (1992) compared two countries where the disadvantaged have similar real incomes and found that countries with higher income inequality have higher infant mortality rates, after controlling for education, medical personnel and fertility. Lynch (1998) studied the association between income inequality and mortality in US using census data, and showed that high income inequality is associated with higher mortality for all capita income levels. The largest impact was in areas with both high income inequality and low average wages: the difference was 140 deaths per 100,000. Ram (2005) confirm the findings by Rodgers and Waldmann, which suggest a negative relationship between income inequality and health. The study also showed the association remained significant after controlling for ethnic heterogeneity. Dorling (2007) used observational study of 126 countries at different stages of development and found that income inequality is closely correlated with mortality, especially for younger adults and those living in less developed countries. Further, the findings show higher mortality for any specific level of income in countries with higher income inequality.
However, some of the later studies which moved away from cross-sectional data, did not find a significant association between income inequality and health. Wagstaff (2000) conducted a review of literature on the observed negative association between income inequality and population health and found that population level data are not sufficiently strong. Gravelle et al (2002) developed a model using a new cross-sectional dataset and found that the relationship between income inequality and population health was not significant. In addition, Gravelle found conceptual issues when using cross-sectional data to test the hypothesis of the effect of income inequality on the health of individuals. Gravelle (1998) pointed out that a statistical artefact as a result of using population data instead of individual data could account for the association between income inequality and health. Using US census data, Wolfson (1999) showed that observed associations at the population state level between income inequality and mortality at the state level cannot be completely explained as statistical artefacts (Deaton, 2013) .
Subramanian ( rates. However, when controlled for country fixed-effects, income inequality was not associated with infant mortality rates.
Several studies have found the reversed effects of income inequality on longevity (that is, higher income inequality leads to lower mortality). Mellor (2001) showed that income inequality increases life expectancy in developed countries but had a negative effect on longevity in developing countries. Though the magnitude was small, the difference between the two groups were found to be robust to specification, methodological choices and measurement choices. Herzer noted that this issue is more likely to be empiricalbased, due to the theoretical ambiguity of the effects of income inequality.
Rationale
The purpose of this paper is to provide confirmatory evidence of a relationship between income inequality and population health. The study does this through the use of sound methodology focused solely on advanced, developed countries with similar high standards of living that minimizes the effects of other factors on health outcomes. It also uses robust measures for both income inequality and mortality that span over a long period of time to take into account structural changes in income and wealth distribution. The study differentiates itself from other similar studies that investigate the effect of income inequality on health by the following ways:
First, the study uses the inverted Pareto-Lorenz coefficient as a measure of income inequality and using the latest time-series data for the inequality measure for the OECD countries from Piketty's World's Top Income database. The data was collected by Piketty and others from detailed income tax records of each of these countries. This is the first study of its kind to use Piketty's data on income inequality to study longevity.
Second, the outcome variable selected for the measure of mortality was adult mortality. More specifically, I use the five-year mortality rate at age sixty-five. The use of an adult mortality index offers a more concise measure of mortality for developed countries. Previous studies that combine both developed and developing countries used infant mortality rates. However, in developed countries, infant mortality is extremely low and consistent across all the countries in the study sample; the choice of adult mortality in this paper can offer greater precision in addressing the issue at hand.
Third, the study tracks five-year mortality separately for men and women. This is because the trajectory of reduction in mortality rates for men and women differ, as seen in the mortality graphs of these countries over time. It should be noted that this is the first study of its kind to explore the impact of income inequality separately on mortality rates of men and women.
The econometric methodology selected for robustness analysis attempts to address some of the econometric challenges faced in addressing this question including omitted variable bias (Herzer, 2015) .
Finally, the study uses the Granger tests in order to determine causality between income inequality and mortality. Given the aforementioned differences between this research and the available literature on the subject, this paper attempts to fill a gap in our understanding of this topic with new data, new measures and new methodological approaches.
Data
The data was extracted from various different sources to form a consolidated dataset. A complete balanced panel dataset was obtained from 1950 to 2008. The mortality rates data was obtained from the Human Mortality database with mortality data sourced directly from each country 1 . The inverse Pareto-Lorenz coefficient data for income inequality was obtained from the World Top Incomes Database 2 and GDP data was mined from the Penn World Table   (version 8) 3 which provided data on purchasing power parity and national income accounts converted to international prices. Health capital index data was based on a measure for capturing and tracking the index of health capital per person based on years of schooling in each of the OECD countries 4 . In the database, the Pareto-Lorenz coefficient was calculated using the top shares estimates (from the top 0.1% share within the top 1% share). Inverted Pareto-Lorenz coefficient generally ranges from 1.5 to 3 with the range of 1.5 to 1.8 considered as low inequality (with the top one-percent of income shares ranging from 5% to 10%) and values of 2.5 and higher considered as high inequality (with the top one-percent of income shares around 15%
to 20% or higher)
Study Variables
The independent variable selected for the model is the inverted Pareto-Lorenz coefficient;
this coefficient is one of the standard measures of income inequality and the inverted form is used for ease of interpretation.
The indicator of health for this study selected was the five-year mortality probability at age sixty-five years for males and females. In some of the previous income inequality studies, infant mortality rates was selected at the choice variable for mortality. In this study, mortality rate at aged sixty-five was the preferred indicator for health for the following reasons: it is not dependent on the mortality rates from one's early phase in life; mortality rates at aged sixty-five take into account one's health at all stages in life which incorporates the benefits from access to medical care within the country. Second, adult mortality rates is commonly reported and available for all countries across extended time periods. In OECD countries, infant mortality rates are extremely low and mortality rates in the early stages of life are stable and consistent throughout the years. Further, the use of the adult mortality measure enables the analysis of income inequality separately on men and women to see if these gender differences matter when analyzing the effect of income inequality on health in the population.
The base specification selected was a pooled OLS model. Covariates that were included in subsequent models were population of the country, per capital GDP measured in US$ at 2005 purchasing power parity (PPP) rates and the health capital index.
For robustness checks, a parsimonious equation using dynamic OLS methodology was selected in line with Herzer (2015) . Dynamic OLS (DOLS) does offers some distinct advantages.
Previous analysis of this question often encounter econometric challenges that weaken the findings. Dynamic OLS was proposed by Stock and Watson (1994) as a solution to find a simple, efficient estimator where the dependent variable was regressed on the independent variable and its leads and lags. For an OLS regression equation to be meaningful, all variables need to integrated of the same order. In the case of most economic variables, their tendency to trend through time means that all the variables in the model need to be non-stationary integrated processes, i.e. variables that exhibit a stochastic (not deterministic) trend. In order to test for this, unit root testing was conducted. If the variables are nonstationary, then a linear combination of both variables can be stationary. When this is true the linear relationship describes cointegration, evidence of the existence of a long-run relationship between mortality rates and income inequality and implies that the regression coefficient of income inequality on mortality rates is not spurious. As noted by Herzer (2014) , "a regression consisting of co-integrated variables has the property of super-consistency such that the coefficient estimates converge to the true parameter values at a faster rate than they do in standard regressions with stationary variables.
The estimated co-integration coefficients are super-consistent even in the presence of temporal and/or contemporaneous correlation between the stationary error term and the regressor(s) (Stock, 1987) , implying that co-integration estimates are not biased by omitted stationary variables…the fact that a regression consisting of co-integrated variables has a stationary error term also implies that no relevant non-stationary variables are omitted. Any omitted nonstationary variable that is part of the co-integrating relationship would become part of the error term, thereby producing non-stationary residuals, and thus leading to a failure to detect cointegration."
A fixed-effects OLS was also selected as a form of conventional panel regression for robustness. The fixed-effects OLS model enabled control for unobserved heterogeneity in the model over time. The choice of control variables were based on literature and past studies in this area rather than theory due to the lack of a comprehensive economic framework that covers the relationship between income inequality and health.
Methodology
The base specification selected was a pooled OLS model. The specification for the pooled OLS took the following form where the description of Health and Inequality are the same as Equation (1) and GDP is the gross domestic product, Population is the population of the country and HC is the health index of country i and time t.
In addition, two other specifications were selected for robustness analysis -a fixed-effects model and dynamic OLS using panel co-integration were conducted as part of the analysis. In the fixed-effects OLS model, the regression model took the following form:
Where µ are dummy variables for each year t=1,2,…,T (T=59 as the panel dataset has data for 59 years) and country i=1,2,…,10 representing the ten countries and ϵ is the error term.
Though the coefficient estimates of an OLS equation are super consistent, the standard errors may be biased by correlations arising from income inequality over time. As such, in order to address this, the dynamic OLS includes leads and lags of income inequality. The specification of the dynamic OLS took the following form where − is the difference between the inverted Pareto-Lorenz coefficient at time (it-j) and (it-j-1); k is the number of leads and lags; α is the country fixed-effects and µ t represent the county-specific time trends.:
Results
A graphical plot of income inequality and mortality rates for all countries shows the downward trend of mortality probability over the time period. This coincides with the upward trend of the income inequality measure that started occurring from the 1980s. Table 2 shows the pooled OLS results. It indicates that income inequality has a statistically significant negative effect on overall mortality rates. For every one unit increase in income inequality, all-mortality probability rates decrease by 0.038 percentage points (p≤0.001).
The effect is less but still significant when all covariates are included (-0.023, p≤0.001).
Similarly, for every for every one unit increase in income inequality, female mortality probability rates decreased by 0.024 percentage points (p≤0.001) and male mortality probability rates decreased by 0.052 percentage points (p≤0.001). These findings support the long-run negative relationship between income inequality and mortality.
The fixed-effects model (Table 3 ) controls for time-invariant and subject-specific characteristics of the model. The results show a gender difference on the effect of income inequality on mortality -income inequality had a positive effect on female mortality rates (0,0061, p≤0.01) and it had a negative effect on male mortality rates (-0.0075, p≤0.05).
In order to determine the long-run effect of income inequality on mortality, countries with panel co-integrated series need to be established. This involves first establishing that mortality rates and income inequality are non-stationary. For countries which exhibit nonstationary values, the panel co-integration test is then conducted. Dynamic OLS was conducted for countries where income inequality and mortality were co-integrated. The pre-test for unit roots for each of the country was conducted using the augmented Dickey-Fuller tests. For female mortality rates, all countries show non-stationary trends except for Norway. For male mortality rates, all countries show non-stationary trends. In order to test for co-integration, OLS regression was run separately for each country and the augmented Dickey-Fuller test was run on the residuals for each country. The tests show that the co-integration was only found in the following countries -for female mortality, co-integration occurred in Japan and New Zealand while for male mortality rates, co-integration occurred in Australia, Japan, New Zealand, Britain, US and Norway.
The results from the dynamic OLS are shown in Tables 4 (female mortality rate) and Table 5 (male mortality rate). The results show that there exists a statistically significant long-run negative effect of income inequality on mortality that is, higher income inequality is associated with reduced mortality for countries with co-integrated series. For every unit increase in income inequality, male mortality probability reduced by 0.067 percentage points (p≤0.001) and female mortality probability reduced by 0.0324 percentage points (p≤0.001). The dynamic OLS model uses a parsimonious framework to obtain the above results. Several other analyses were conducted with controls that included population, health capital index and GDP. The addition of covariates did not change the significant negative relationship between income inequality and male and female mortality.
Discussion
The key findings from this study show that there exists a long-run negative relationship between income inequality and mortality rates for OECD countries. Rising income inequality does not appear to negatively impact life-expectancy over the six decades.
There have been sharp variations in income inequality over the study period. The graphs show a distinct change in trajectory in income inequality across most countries starting around 1987 with income inequality rapidly increasing in this time period (Figure 1 ). In order to determine if income inequality had a different effect on mortality pre and post 1987, fixed-effects OLS was run on the panel dataset from 1950-1986 and from 1987-2008 . This was run separately for males and females (Table 6 ). The results show that prior to 1987, income inequality had a negative effect on male mortality (-0.03, p≤0.001) and female mortality rates (-0.006, p≤0.001).
Post 1987, income inequality had a positive effect on male mortality (0.002, p≤0.5) and female mortality (0.02, p≤0.001). The results seem to indicate that when income inequality was rising slowly or stable in developed countries, the effect of income inequality on mortality (and health) is negative. However, as income inequality increases rapidly, the effect is positive meaning that high income inequality has a detrimental effect on mortality.
One major limitation of this study is that it lacks a comprehensive theoretical framework.
As Deaton (2003) noted, 'the literature does not specify the precise mechanisms through which income inequality is supposed to affect health. In consequence, there is little guidance on exactly what evidence we should be examining, or whether the propositions are refutable at all'. Future research that focus on deriving a unifying theory on income inequality and health is needed in this area in order to conduct sound empirical research on this topic. Additionally, though the findings from this study showed that a long-run positive relationship existed between income inequality and longevity for countries with co-integrated series, the causal relationship from income inequality to mortality was not present. Granger causality tests were conducted for all countries and the findings show that it was not possible to state that higher income inequality 'granger-causes' lower mortality rates for any of these countries.
In conclusion, the study shows that for developed countries, rising income inequality does not appear to have a detrimental effect on male and female mortality rates. 
